Widespread use of prostate-specific antigen (PSA) screening has caused a stage migration in prostate cancer, rendering the imaging evaluation of low-risk disease, defined as clinical stage T1 to T2, Gleason score 6 or less, and PSA less than 10 ng/mL, largely unnecessary (1, 2) . Through the development of quality measures and clinical guidelines, policy organizations such as the Physicians Quality Reporting System and professional societies have tried to limit the use of whole body radionuclide bone scan and axial imaging of the abdomen and pelvis among patients with low-risk prostate cancer because the rare detection of metastases is outweighed by the harms of false-positive results (3) (4) (5) (6) (7) (8) (9) . The success of these efforts on nationwide imaging rates has been mixed, as there continue to be overuse of "inappropriate" imaging among low-risk prostate cancer patients and, paradoxically, simultaneous underuse of appropriate imaging among high-risk prostate cancer patients (10) (11) (12) (13) (14) (15) (16) . Recently, the American Society of Clinical Oncology and the American Urological Association again highlighted the need to reduce inappropriate imaging for low-risk prostate cancer in the Choosing Wisely campaign, a multidisciplinary effort to reduce unnecessary medical testing, decrease overuse of healthcare resources, and improve quality of care (5, (17) (18) (19) . Given the Choosing Wisely campaign's particular emphasis on the reduction of unnecessary diagnostic imaging (20) and the freedom it affords participants to affect its goals, the description and evaluation of policies to reduce inappropriate prostate cancer imaging are especially important.
Since 2000, the National Prostate Cancer Register (NPCR) of Sweden has engaged in an effort to reduce inappropriate diagnostic imaging among men with low-risk prostate cancer (21) . The NPCR collects data on diagnostic and therapeutic procedures performed within 6 months of prostate cancer diagnosis in over 97% of incident cases in Sweden (22, 23) . These data were used to generate local, hospital-level reports of the frequency of imaging use for patients with low-risk prostate cancer. Along with the most recent versions of imaging guidelines from professional societies in Europe, the United States, and Sweden, as well as important contemporary literature in the field, these utilization data were presented annually to Swedish urologists attending regional and national urology meetings along with the message that reducing inappropriate imaging was important (8, 21, 23, 24) . The results of this effort have not been previously reported but are extremely important to determine whether such a strategy effectively reduces inappropriate imaging. These results may also demonstrate unintended consequences, as studies have suggested that policy efforts to reduce inappropriate imaging may also reduce appropriate imaging (10, 25) .
The aim of this study was to assess the NPCR effort to reduce inappropriate prostate cancer imaging in Sweden by examining imaging trends across the country. We hypothesized that although rates of inappropriate imaging would decrease, rates of appropriate imaging would also decrease. If this hypothesis were true, it would be an important lesson that policy efforts to curb inappropriate prostate cancer imaging, such as Choosing Wisely, might need to be augmented, perhaps with further efforts to encourage appropriate use. If rates of inappropriate imaging did not change or increased during the study period, then the Swedish intervention would be unlikely to be successful in other settings. However, if inappropriate imaging declined during the study period while appropriate imaging improved or remained unchanged, the Swedish intervention might be used as a model to encourage stewardship of healthcare resources in other health-care systems and countries.
Methods

Study Design and Patients
We performed a retrospective cohort study to analyze temporal and geographic patterns of prostate cancer imaging in Sweden. The study population consisted of men from the NPCR, which is a national prostate cancer quality registry. Information is provided to patients about the NPCR in all urology clinic waiting rooms as well as online; no written consent is collected, but patients may opt out of the registry at any time. Data from the NPCR, when crossreferenced with the Cancer Register of Sweden (to which reporting is legally mandated), includes information on more than 97% of incident prostate cancer cases (22, 26) . All patients included in the sample have data on age, date of diagnosis, and name and location of the diagnosing hospital (22) . We identified 100 832 men in NPCR diagnosed from 1998 to 2009. We excluded 953 patients with incomplete imaging data, leaving a final cohort of 99 879 men. This study was approved by the Research Ethics Board of Umeå University Hospital.
Definition of Variables
Our primary dependent variable of interest was receipt of imaging such as radionuclide bone scan, computed tomography (CT), or magnetic resonance imaging (MRI) to assess for skeletal metastases. The NPCR records whether this imaging was performed within 6 months of the date of cancer diagnosis. Because NPCR does not specify which imaging modality was used, we examined a randomly selected subgroup of 500 men diagnosed with prostate cancer in 2009 to determine the relative frequencies of each imaging modality.
The independent variables of interest included year of diagnosis and clinical risk category, defined using a modified National Comprehensive Cancer Network (NCCN) risk stratification (7) (8, 27) . Because of missing data, 627 men who received imaging and, 819 men who did not receive imaging could not be classified into a risk category; they were included in descriptions of "all risk categories" but were excluded from analyses stratified by risk category. Covariates included patient age at diagnosis (years); serum PSA (nanograms per milliliter, collected before treatment and within 6 months of cancer diagnosis), clinical tumor stage (modified International Union Against Cancer staging recommendations), and Gleason score (22) .
Statistical Analysis
We analyzed yearly imaging patterns and stratified them by demographic and geographic factors. First, we performed a bivariate analysis to determine the association between receipt of imaging and the described independent variables. We reported P values based on χ 2 tests for categorical variables and Mann-Whitney tests for continuous, nonparametric variables. We determined whether the trend for the differences in yearly imaging rates for each risk category was statistically significantly different from their baseline imaging rate using generalized linear models with a logit link.
We next examined patterns of use between six different regions in Sweden (North, South, Southeast, Stockholm/Gotland, Uppsala/ Orebro, and West). We categorized the time periods of diagnosis as 1998 to 1999 (a baseline period before the intervention), 2000 to 2005, and 2006 to 2009. The trend for the difference in imaging rate between time periods was assessed for each region and stratified by risk group using generalized linear models with a logit link, adjusting for patient age and comorbidity.
Statistical analysis was performed using R version 2.15.1 (R Foundation for Statistical Computing, Vienna, Austria). All P values were two-sided with statistical significance at α = .05.
results
Among 99 879 men diagnosed with prostate cancer between 1998 and 2009, 36 414 (36%) underwent imaging within 6 months of diagnosis (Table 1) . Men undergoing imaging were younger (P < .001) than those not undergoing imaging. Seventy percent of men undergoing imaging were high-risk vs only 36% of those not undergoing imaging (P < .001). Men undergoing imaging also had higher-risk features (clinical stage, PSA, and Gleason score) at presentation compared with those not undergoing imaging (all P < .001). Use of prostate cancer imaging demonstrated wide regional variation, with men in the north and southeast regions undergoing imaging 42% of the time, compared with 30% in the western region (P < .001). Overall use of prostate cancer imaging trended down from a high of 58% among men diagnosed in 1998 to a low of 23% among men diagnosed in 2008 (P < .001). Among a randomly sampled subset of 500 patients with detailed imaging information, bone scan was the most common imaging modality. Overall, 88% of men underwent one or more bone scans; bone scan was the sole imaging modality in 75% of patients and was performed in conjunction with other imaging in 13% (Table 2 ). An additional 6% and 2% of patients underwent only MRI or CT scan, respectively. Prostate cancer imaging rates decreased during the study period (Figure 1 
Whereas in 1998 45% of men with low-risk prostate cancer underwent imaging, the rate declined to a nadir of 3% in 2008 and 2009 (P < .001). Similarly, 63% of men with high-risk prostate cancer underwent imaging in 1998, which also declined over time (43% in 2008 and 47% in 2009) (P < .001).
There was considerable regional variation in prostate cancer imaging (Figure 2A) . Nevertheless, across all six regions, prostate cancer imaging declined over time (all P < .001). In virtually all regional and clinical risk subgroups, there was a statistically significant decline in imaging use over time (P < .001 for all, except highrisk patients in the southeast) (Figure 2, B-D) . The decline was most pronounced among low-risk patients, where relative imaging rates decreased almost 10-fold. The same monotonic decrease in all time periods across all regions was observed among intermediate-risk patients, as well as high-risk patients in all regions except the southeast. Adjusting for age and comorbidity did not statistically significantly affect the magnitude or the significance of the association between imaging rates and time.
Discussion
This study is the first to report the outcomes of a Swedish effort to reduce national rates of inappropriate prostate cancer imaging. As in the United States, Swedish prostate cancer imaging rates demonstrate wide regional variation. The effort to reduce inappropriate prostate cancer imaging, however, seemed to be effective in nearly all Swedish regions, decreasing imaging among low-risk men from 45% to 3% in a decade. These results compare favorably with previous local efforts to reduce inappropriate imaging (28) and build on those results substantially by demonstrating the ability to improve inappropriate prostate cancer imaging at a national scale. While inappropriate imaging decreased dramatically among low-risk men, this was accompanied by a small, yet statistically significant decrease in appropriate imaging among high-risk men from a peak of 63% to a recent nadir of 47%.
In 1998, the baseline low-risk prostate cancer imaging rate in Sweden was 45%. Per the NCCN guidelines (7), none of these men should have received bone imaging unless they presented with symptoms suggestive of bone pain (8, 24) . In the United States, the imaging rate among men with low-risk prostate cancer has been reported to be 19% to 74% in a community cohort and 10% to 48% in a Surveillance Epidemiology and End Results (SEER)-Medicare cohort (10) (11) (12) (13) 16) . It is challenging to compare these rates directly across the two countries because the NPCR aggregates all staging imaging into one variable. However, our sampling revealed that 88% of those undergoing imaging had at least a bone scan, whereas only 11% had any CTs and 10% had any MRI. This suggests that baseline rates of bone scan among low-risk men in Sweden were similar to those among their low-risk counterparts in the United States, whereas rates of axial imaging were likely much lower. During the study period, rates of prostate cancer imaging among low-risk men in Sweden decreased to 3%, substantially lower than those reported in the United States at any time. Because guidelines suggest imaging for prostate cancer patients with bone pain (7) and 5.6% to 28.7% of men aged 50 to 80 years have back pain (29) , the optimal rate of imaging should not be zero, even among men with low-risk features. This 3% rate undoubtedly encompasses some patients presenting with prostate cancer and unrelated back pain, in whom a bone scan is indicated but whose rates of metastatic prostate cancer are vanishingly small (2, 30) . Given our retrospective study design, we can only infer an association between the decline in inappropriate prostate cancer imaging in Sweden and the NPCR's efforts to promote guidelineconcordant imaging use. Similar to previous work by Miller et al., it is not possible to determine causality with this type of study design (28) . The associations described in the analysis could be affected by unmeasured confounding or could result from secular trends unrelated to any specific policy effort, as occurred with imaging rates in the United States (11) . Another potential explanation for the decline in inappropriate imaging is the Hawthorne effect, where the behavior of study subjects is modified as the result of the awareness that they are being observed, an explanation supported perhaps by the decline in imaging rates in 1998 and 1999, a time period before the initiation of the NPCR's effort (31) . In spite of these alternate explanations, it remains plausible that interventions such as those in this report and those described by Miller et al. (28) could have had an effect on prostate cancer imaging rates. Miller et al. describe a decline in imaging associated with a small-scale intervention administered in three urology practices located in the United States participating in a quality-improvement consortium. Our study's contribution is to demonstrate that a similar strategy can be applied effectively at a national scale with an associated decline in inappropriate imaging rates, a finding of great interest for policy makers in the United States seeking to improve healthcare quality.
In 1998, the baseline high-risk prostate cancer imaging rates in Sweden were 63%, and decreased by 43% in 2008 (rising slightly to 47% in 2009). Based on our risk category definitions and the guidelines advocated in Sweden, all of these men should have undergone an imaging evaluation (8, 24) . Swedish rates of prostate cancer imaging among men with high-risk disease are considerably lower than those reported from the SEER-Medicare cohort, where 70% to 75% underwent bone scan and 57% to 58% underwent CT (13, 16) . These already low rates of imaging among men with highrisk prostate cancer only decreased further during the NPCR's effort to promote guideline-concordant imaging. Clearly in both countries, imaging for high-risk prostate cancer remains underused despite the general overuse of imaging and numerous guidelines encouraging its appropriate use (3-9).
The results of several studies suggest a mechanism for the observed decline in appropriate imaging among men with high-risk prostate cancer during the NPCR's effort to reduce inappropriate prostate cancer imaging. Ko et al. analyzed cardiac catheterization rates among Medicare patients with acute myocardial infarction and found patients living in regions with higher catheterization rates were more likely to undergo catheterization, regardless of whether they needed the procedure (32). Abraham and colleagues found that, after implementation of the initial American Urological Association prostate cancer imaging guidelines, bone scan rates declined substantially among SEERMedicare patients in whom bone scan was not indicated but also decreased slightly among men in whom bone scan was indicated (10) . A follow-up study found a regional-level association between appropriate imaging among high-risk men and inappropriate imaging among low-risk men, a finding termed the thermostat model of health-care resource allocation (25) . According to this model, men with high-risk prostate cancer are more likely to undergo appropriate imaging if they reside in a region where inappropriate imaging is more common. A corollary to this model is that policies aimed at lowering rates of inappropriate imaging among men with low-risk prostate cancer may have the unintended consequence of lowering appropriate imaging rates among men with high-risk prostate cancer (25) . This is borne out in our analysis, which demonstrates a modest, but statistically significant, decline in imaging among high-risk prostate cancer patients in Sweden during an effective national effort to decrease inappropriate imaging among low-risk patients.
Our analysis has several key strengths, most notably, the high quality of data from the NPCR of Sweden. This populationbased registry represents virtually all men diagnosed with prostate cancer across Sweden and eliminates selection bias in the study sample. Similarly, as reporting to the register is mandatory, the health-care resource use records are extremely accurate, eliminating a source of verification bias. Additionally, the registry is well established, allowing us to observe the long-term effects of policy changes.
This analysis also has several limitations. Because this is an initial exploration of imaging use patterns from Sweden, we focused on descriptive statistics rather than complex, multivariable modeling. Although superficially a limitation, it is actually a testament to the clear trends in imaging use that took place during the study period. The body parts imaged by CT and MRI are not recorded, although all studies were obtained to evaluate patients for bone metastasis, making it highly likely that these were images of the spine. The high rate of bone scan use relative to other modalities in 2009 the year from which we reviewed 500 incident prostate cancer cases to determine the types and frequencies of diagnostic tests used, is likely to have been a year in which use of MRI would have peaked (8, 27) . This suggests bone scan was at least similarly common throughout the entire study period though it is not possible to confirm whether these patters were constant in other years where such data could not be reviewed. It is challenging to compare directly the various imaging rates across countries and across studies. Some of the reported US imaging rates are based on the same criteria for low-risk disease as this study, whereas other used a broader definition (incorporating patients with more aggressive features). This phenomenon could help explain the higher imaging rates observed in other studies (13) . Finally, differences across health-care systems might reduce the generalizability of the NPCR effort to a country not having a similar uniform national health-care system where decisions regarding capacity for diagnostic imaging are made by regional authorities (33, 34) . Such centralization facilities the dissemination of information, implementation of policy, and accurate record-keeping, which are critical for continuous quality improvement efforts. A final limitation is the lack of consensus over the interpretation of data supporting imaging in high-risk patients (35) (36) (37) (38) . Some of the underuse of imaging among high-risk patients may be the result of physicians' reluctance to use imaging in an era when metastatic disease is so uncommon.
A national effort to reduce inappropriate prostate cancer imaging by disseminating hospital-level utilization data and contemporary imaging guidelines to urologists in Sweden was associated with a reduction in inappropriate imaging from 45% to 3%. Although appropriate imaging suffered to a small extent, these national-level results are truly remarkable because many previous guidelines and policy efforts have failed to reduce inappropriate prostate cancer imaging in the United States. The Swedish experience could inform future US health policy efforts, such as the Choosing Wisely campaign, in several ways. Policymakers should be encouraged that they have selected a solvable problem. However, to avoid unintended consequences, our analysis suggests that efforts to curb inappropriate prostate cancer imaging might best be coupled with efforts to encourage appropriate use. Without some sort of further modification, policies to reduce inappropriate prostate cancer imaging may improve care for patients with low-risk disease at the expense of those with high-risk features. 
